not due to a translocatable inhibitor produced by McCall roots or triggered by their interaction with USDA257. Thus, neither freely diffusible nor graft-transmissible substances are involved in cultivar-specific interactions of soybean with R. fredii and its derivatives.
Compatibility of Rhizobium fredii with soybean is strain and cultivar dependent (5, 11, 15) . Primitive varieties, such as Peking, are nodulated widely, but many advanced cultivars remain nodule-free or form Fix-nodules after inoculation with certain strains. One of these interactions involves R. fredii USDA257 and the improved cultivar, McCall. USDA257 curls McCall root hairs and induces foci of cortical cell divisions, but nodules are not formed (1, 3, (8) (9) (10) (1, 3) . The bacteria were maintained as glycerol stocks at -70°C and routinely cultured in liquid yeast extract-mannitol medium (21) at 28 to 30°C and 125 rpm. Cultures ofthe mutant always contained kanamycin at 100 ,ug/mL. Bacterial inocula were prepared as in earlier experiments (3).
The effect on nodulation of cocultivating soybean genotypes was tested hydroponically in autoclaved plastic growth pouches, under conditions where roots and root exudates mingled freely (18) . Seeds were surface-sterilized and pregerminated on water agar for 2 d (18) . Seedling radicles then were dip-inoculated with USDA257 (108 cells/mL) and groups of three seedlings transferred to each pouch in various combinations as given below. The pouches were incubated as described (18) 10 -cm high seedlings were paired, and a longitudinal cut of about 1.5 cm was made into the lower hypocotyl of each, so that the epidermis and upper part of the cortex was removed. Incisions were immediately pressed together and the stems firmly attached to one another with Parafilm. Pairs of grafted plants then were returned to the growth chamber.
Reciprocal grafts were produced 8 d later by excising the unwanted shoot and root from each plant pair. The grafted plant that remained was immediately bagged to reduce desic- (Table II) shows that the ability of the mutant to nodulate the grafted root system is reduced little if any by inoculation ofthe mother plant by the blocking strain. In contrast, nodulation is reduced >95% if McCall is coinoculated with USDA257 and mutant 257DH4 (1, 3) . DISCUSSION There is increasing evidence that development of the legume-Rhizobium symbiosis is regulated in part by plant-derived signals (7, 16) . Using both plant cocultivation experiments and grafting approaches, we have sought to identify such signals in cultivar-specific interactions of soybean with R. fredii. We were unsuccessful in detecting substances that are excreted by one cultivar and that modify compatibility of the second cultivar with USDA257. Similarly disappointing results have been obtained in studies of supernodulating and nonnodulating genotypes (6, 17, 19) , indicating that internal signals are likely to be of more significance in these interactions.
We examined the source and distribution ofinternal signals by a series of grafting experiments with McCall and Peking. Compatibility with R. fredii was specified in all cases by the root genotype. Thus, neither a grafted shoot of a second cultivar nor a graft union with a foreign root system, inoculated or uninoculated, changed the basic nodulation response to USDA257 or 257DH4. In soybean, strain specificity conditioned by the Rj2 gene also is controlled by the root (2), as is nonnodulation (4, 20) . The opposite regulatory abnormality, supernodulation, is governed by the shoot (4), indicating that both shoot and root factors can play the deciding role in governing nodulation. Our data have several implications for study of the cultivar specificity of USDA257 and for analysis of the blocking response. In both cases, the genetically conditioned responsiveness of root tissues to rhizobia appears to be the deciding factor in determining the outcome of the interaction. This suggests that key specificity events may be highly localized and relatively intractable-perhaps involving initiation of infection threads in root hairs or the trigger for organization of the nodule meristem (1, 14) . In addition, the inability of USDA257 to interfere, from a distance, with nodulation of McCall by 257DH4, implies that blocking requires the direct participation of USDA257 cells.
